ABSTRACT
fragments of genomic clones that include the first two exons and the first intron. Additional transcripts were detected by 5' and 3' RACE analysis (rapid amplifrication of cDNA ends). One set of transcripts had a 5' end sequence identical to the cDNA found previously and another set was identical to the gene reported here. The 3' RACE clones fall into four distinguishable sequence sets, bringing the number of ACCase sequences to six. None of these cDNA or genomic clones encodes a chloroplast targeting signal. Identification of six different sequences suggests that either the cytosolic ACCase genes are duplicated in the three chromosome sets in hexaploid wheat or that each of the six alleles of the cytosolic ACCase gene has a readily distinguishable DNA sequence.
Acetyl-CoA carboxylase [ACCase; acetyl-CoA:carbon-dioxide ligase (ADP-forming), EC 6.4.1.2] catalyzes the first committed step in fatty acid biosynthesis and provides malonyl-CoA for the synthesis of a variety of important secondary metabolites and for malonylation. In plants, these primary and secondary metabolic pathways are located in different compartments (plastids and cytosol) accounting for the existence of multiple isozymes bearing eukaryotic or prokaryotic features. It has been shown recently that plants have indeed more than one form of ACCase (reviewed in ref. 1 ). The one located in plastids, the primary site of plant fatty acid synthesis, can be either a eukaryotic-type high molecular weight multifunctional enzyme (e.g., in wheat and maize) or a prokaryotic-type multisubunit enzyme (e.g., in pea, soybean, tobacco, and Arabidopsis). The other plant ACCase, located in the cytoplasm, is of the eukaryotic type.
In Graminae, genes for both cytosolic and plastid eukaryotic-type ACCase are nuclear. No ACCase coding sequence can be found in the complete sequence of rice chloroplast DNA. The plastid ACCase in maize (2) and cytosolic ACCase in wheat, reported here, are nuclear encoded. In other plants, subunits of ACCase other than the carboxyltransferase subunit encoded by a homolog of the Escherichia coli accD gene, present in the chloroplast genome (1, 3) , must be also encoded in the nuclear DNA. Like the vast majority of plastid proteins, plastid ACCases are synthesized in the cytoplasm and then transported into the plastid. The amino acid sequence of the cytosolic and some subunits of the plastid ACCases from several plants have been deduced from genomic or cDNA sequences (2-9).
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There is experimental evidence suggesting that, in plants, ACCase activity controls carbon flow through the fatty acid pathway and therefore may serve as an important regulation point of plant metabolism (10) (11) (12) . These studies must take into account the existence of isozymes located in different cell compartments, regulated independently and with different structural and biochemical properties, including different sensitivity to herbicides. Previously, we described the cloning and sequencing of cDNA for wheat ACCase (4) . In this paper, we report the structure of the corresponding gene.4 5 of 400 nucleotides of the overlap located within the long exon 29 ( Fig. 1 ). It must therefore derive from a different copy of the ACCase gene. The 3' RACE clone 4 (3'-4; see below) differs at 6 of 490 nucleotides in the overlap. The gene sequence is a composite of these three very closely related sequences. Its 5' end corresponds to the 5' end of clone 71 and the 3' end corresponds to the poly(A) attachment site of the 3' RACE clone 4 . We assumed that no additional introns are present at the very end of the gene.
MATERIALS AND METHODS
Comparison of the genomic sequence with the cDNA sequence reported previously (4) revealed 29 introns. Intron location is conserved among all three known plant ACCase genes except for two introns not present in wheat but found in rape (5),Arabidopsis thaliana (8) and soybean (9) (Fig. 1) . The nucleotide sequence at splice sites fits well with the consensus for monocot plants. The A+T content of the gene exons and introns is 52% and 63%, respectively, compared to 42% and 61% found for other monocot plant genes (15) . The exon coding sequence is 98% identical to that of the cDNA sequence reported earlier. This is the same degree of identity as found previously for different transcripts of the cytosolic ACCase genes in hexaploid wheat (4). The 11-amino acid sequence obtained previously for a CNBr-generated internal fragment of purified 220-kDa wheat germ ACCase (16) differs from the sequence encoded by our cDNA and genomic clones at one position, but it is identical with the corresponding cDNA sequence of the plastid ACCase from maize (2), excluding one amino acid, which could not be assigned unambiguously in our sequence.
Two additional genomic clones, 153 and 231, were also partially sequenced (Fig. 1) GCCCGCCCAACCAGGGCCATCGGCCCAACTACCCGTCGTC ----------CCCGTCTAGACCACGCCCCCCACCTGCCCCGCCCCACCCCAC----- 
CCTCCAMA,TGCACGCATTTCATC---
GAAGGTTGGAGGGGGCAATAATGTGGAATCTGACCAGATAAACGGG---------AGGATGTCCTCGGTCGACGAGTTCTGTAMAGCGCTCGGGGGCGACTCGCCGATACACAGCGTGC ******************* ***** ************************** ****************** 17 ), they are rare. In most cases, the first AUG codon is the site of initiation of translation of the major gene product. The upstream AUGs are believed to affect the efficiency of mRNA translation and as such may be important in the regulation of expression of some genes (18, 19) . They are often found in mRNAs encoding transcription factors, growth factors, and receptors, all important regulatory proteins (20) . They are also found in some plant mRNAs encoding heat shock proteins (21) . The *800-nucleotide leader intron found in both genes (clones 153 and 191) may also be important for the level and pattern of gene expression (e.g., see ref. 22 ).
Four different sequences and two different polyadenylylation sites *300 and '500 nucleotides downstream of the translation stop codon, respectively, were detected among the 3' end RACE clones (Fig. 3) . The sequence of the cDNA reported previously (4) and the sequence of genomic clone 145 are also different in this region, bringing the total number of different sequences to six. Differences of 3-14 nucleotide were found in pairwise comparisons among these six sequences within two stretches that include 282 nucleotides at the 5' end of the 3' RACE clones (data not shown) and 204 nucleotides at the 3' end (Fig. 3) Much further work on the physical location of the ACCase genes reported here is needed before these possibilities can be evaluated. The products of two different ACCase genes have been identified in human and rat (33, 34) . The presence of multiple cytosolic ACCase genes in both plants (35) and mammals may reflect the need for differential expression of the enzyme in response to different environmental or developmental cues. The structure and activity of the ACCase promoters as well as the possible role of the 5' untranslated leader and the leader intron in gene expression remain to be investigated. To add complexity, a different set of genes is required in wheat to encode the large plastid ACCase. These genes have yet to be characterized.
